In this study, we investigate the roles of two apoptotic endonucleases, CAD and DNase c, in neuronal apoptosis. High expression of CAD, but not DNase c, is detected in proliferating N1E-115 neuroblastoma cells, and apoptotic DNA fragmentation induced by staurosporine under proliferating conditions is abolished by the expression of a caspaseresistant form of ICAD. After the induction of neuronal differentiation, CAD disappearance and the induction of DNase c occur simultaneously in N1E-115 cells. Apoptotic DNA fragmentation that occurs under differentiating conditions is suppressed by the downregulation of DNase c caused by its antisense RNA. The induction of DNase c is also observed during neuronal differentiation of PC12 cells, and apoptotic DNA fragmentation induced by NGF deprivation is inhibited by the antisense-mediated downregulation of DNase c. These observations suggest that DNA fragmentation in neuronal apoptosis is catalyzed by either CAD or DNase c depending on the differentiation state. Furthermore, DNase c is suggested to be involved in naturally occurring apoptosis in developing nervous systems.
Introduction
During the development of the nervous system in vertebrates, early neurons are produced in excess by the differentiation of their progenitor neuroblasts. The early neurons can survive and extend axons independently of neurotorophic factors; however, when the axons make contact with their targets, they become dependent on target-derived neurotorophic factors for survival. 1 At this time, a substantial number of innervating neurons die by apoptosis because of the limited supply of neurotrophic factors in the target fields. [1] [2] [3] The physiological loss of developing neurons, known as naturally occurring neuronal apoptosis, is observed both in the central nervous system (CNS) and the peripheral nervous system (PNS), and is an important process for matching the number of neurons to the requirements of their targets. [1] [2] [3] Apoptosis is a cellular suicidal program by which potentially harmful or no longer needed cells are individually eliminated to maintain healthy homeostasis in multicellular organisms. [4] [5] [6] Apoptosis is distinguished from necrosis by its specific morphologies, such as loss of cell volume and chromatin condensation, and biochemical markers, including the externalization of membrane phosphatidylserine, the cleavage of death substrates by activated caspases, and the degradation of genomic DNA into nucleosomal fragments. [7] [8] [9] The occurrence of nucleosomal DNA fragmentation has been recognized as an important feature of apoptosis, and the ladder configuration visualized by agarose gel electrophoresis is frequently used as reliable evidence of apoptosis. 10 To date, several mammalian DNases have been suggested to be involved in the process of apoptosis. CAD/DFF40, DNase I, DNase g/DNAS1L3, and endonuclease G are suggested to produce oligonucleosomal DNA fragmentation in dying cells. [11] [12] [13] [14] [15] [16] Cells undergoing apoptosis are rapidly eliminated by phagocytosis in vivo, and the DNA of engulfed cells is further digested by a lysosomal acid endonuclease, DNase II. 17 Among the candidates for nucleosomal DNA fragmentation, the role of CAD/DFF40 has been well documented in many apoptotic cases both in vivo and in vitro. [18] [19] [20] However, it remains controversial whether the apoptotic DNase is always the same or differs depending on cell types, differentiation state, and/or apoptotic stimuli.
DNA fragmentation factor (DFF) is a heterodimeric complex of DFF40 and DFF45 that was purified from the S100 fraction of HeLa cells on the basis of its activity to induce DNA ladder formation in a cell-free apoptosis system. 13 Murine homologues of DFF40 and DFF45, caspase-activated DNase (CAD) and inhibitor of CAD (ICAD), respectively, have been isolated and characterized. 11 CAD/DFF40 exists in living cells as an inactive complex with its natural inhibitor ICAD/DFF45. Upon the induction of apoptosis, CAD/DFF40 is released from the complex by caspase-3-mediated cleavage of ICAD/ DFF45, and catalyzes nucleosomal DNA fragmentation in dying cells.
On the other hand, a nuclear Ca 2 þ /Mg 2 þ -dependent DNase has long been suggested as an apoptotic DNase, 21, 22 and we identified and purified a novel 33 kDa endonuclease, DNase g. 23 Sequence analysis of its cDNA revealed that DNase g is a member of the mammalian DNase I family of DNases. 16 DNase g is unique among family members in its ability to produce DNA fragmentation during apoptosis, 24, 25 however, the apoptotic situations in which DNase g catalyzes DNA ladder formation remain largely unknown. In a recent study, it was demonstrated that the induction of DNase g takes place in C2C12 cells during myogenic differentiation, and the suppression of DNase g by the stable expression of its antisense RNA results in the absence of DNA ladder formation in apoptosis that occurs spontaneously during differentiation. 26 Thus, DNase g has been shown to be indispensable for DNA fragmentation in the differentiationinduced apoptosis of C2C12 myoblasts.
In this study, we examined the roles of CAD and DNase g in neuronal apoptosis using the differentiation system of N1E-115 murine neuroblastoma cells. We found that nucleosomal DNA fragmentation is catalyzed by CAD and DNase g under proliferating and differentiating conditions, respectively. Furthermore, the role of DNase g in NGF deprivation-induced apoptosis is demonstrated using neuronally differentiated PC12 cells. This is the first report describing the selective usage of distinct apoptotic DNases depending on the degree of differentiation. Moreover, our results suggest that DNase g is involved in naturally occurring apoptosis in developing nervous system.
Results
Characterization of cell death occurring spontaneously during the neuronal differentiation of N1E-115 cells Figure 1 shows the neuronal differentiation of N1E-115 cells induced by serum withdrawal. Proliferating N1E-115 cells exhibit a fibroblast-like morphology with a faint expression of neurofilament heavy chain (NF-H) in cytoplasm ( Figure 1a) . Neurite outgrowth and upregulation of NF-H were initiated one day after the induction of neuronal differentiation (Figure 1b) , and most of the cells were began to show an NF-H-positive neuronal morphology on day 4 (Figure 1c ). At the same time, a substantial number of dead cells appeared in the differentiating culture (Figure 1c , white arrows). The dead cells detached easily from the coverslips or culture dishes, so that only a small number of dead cells could be detected by fluorescence microscopy.
The occurrence of cell death is clearly demonstrated by the trypan blue staining of the whole culture (Figure 1e-h ). There were few floating dead cells at day 1 (Figure 1f) , however, the degree of cell death increased with time and was observed most frequently at day 4 ( Figure 1g ). The appearance of newly dead cells declined after this period, and scarcely detected at day 10 ( Figure 1h ). At this time, most living cells had become terminally differentiated neurons with a rounded cell body, constricted nuclear morphology, and a long unipolar neurite (Figure 1d ). The expression of NF-H was detected at high levels within neurites, but scarcely in cell bodies (Figure 1d ). In this experimental system, 70-80% of the initial cells were lost to cell death during the differentiation process (Figure 2a) .
To determine the form of cell death associated with neuronal differentiation, floating dead cells were collected from the culture and subjected to further characterization. The spontaneous death of differentiating N1E-115 cells was found to satisfy many important criteria of apoptosis: cleavage of poly(ADP-ribose) polymerase-1 (PARP-1) into an 85 kDa fragment was detected by Western blot (Figure 2b ), nuclear condensation and externalization of membrane phosphatidylserine were evidenced by Hoechst and fluorescein isothiocyanate (FITC)-annexin V staining, respectively (Figure 2c) , and an agarose gel analysis revealed the appearance of (Figure 2d ). The same results were obtained for staurosporine (STS)-induced cell death under both proliferating and differentiating conditions (data not shown). On the basis of these results, the death of N1E-115 cells, both that occurring spontaneously during differentiation and that induced by STS-treatment, is judged to be typical apoptosis.
Distinct transcriptional controls of CAD and DNase c during neuronal differentiation of N1E-115 cells
To identify the DNase(s) responsible for apoptotic DNA fragmentation in N1E-115 cells, we analyzed the expression of two apoptotic DNases, CAD and DNase g, during neuronal differentiation (Figure 3a) . RT-PCR analyses detected the mRNAs for both CAD and its inhibitor, ICAD, in N1E-115 cells under proliferating conditions. Although the expression of ICAD remained unchanged during differentiation, the mRNA for CAD decreased in the early phase of differentiation and was scarcely detected in differentiated neurons. In contrast, the expression of the DNase g mRNA was quite low in proliferating cells; however, it began to increase shortly after the induction of differentiation, and was detected at high levels in neuronally differentiated cells. The downregulation of CAD and the induction of DNase g were also confirmed by Western blot and activity gel assay, respectively (Figure 3b ). The band intensities representing CAD and DNase g proteins appeared to correlate well with each mRNA expression levels. These results indicate that the primary apoptotic DNase in proliferating N1E-115 cells is CAD, and it is replaced by DNase g during neuronal differentiation. That is, our findings suggest that apoptotic DNA fragmentation in N1E-115 cells is produced by distinct DNases depending on the degree of differentiation. 
Involvement of CAD in STS-induced apoptosis in proliferating N1E-115 cells
As an initial approach to evaluate this hypothesis, we examined the role of CAD in proliferating N1E-115 cells. CAD is activated by the caspase-3-mediated cleavage of ICAD at two aspartic acid residues, Asp117 and 224. 11 Therefore, the apoptotic DNA fragmentation produced by CAD is selectively inhibited when ICAD is doubly mutated at those caspase-cleavage sites. On the basis of these results, apoptotic DNA fragmentation in proliferating N1E-115 cells is shown to be produced by CAD.
DNase c catalyzes DNA fragmentation in apoptosis associated with neuronal differentiation of N1E-115 cells
The involvement of DNase g in apoptosis under differentiating conditions was examined using DNase g-knockdown cells established by the stable expression of its antisense RNA. Activity gel analysis shows the suppression of DNase g activity in the antisense cells after 4 days of differentiation (Figure 5a ). DNase g activity in mock transfectants was detected normally at the same level as in parental cells. In contrast, DNase g activity in the antisense cells was effectively suppressed as compared with control cells (Figure 5a ). This is not due to artificial defects in the ability to differentiate because neurite outgrowth was observed normally in both control and antisense cells (Figure 5b ). The suppression of DNase g was also shown by indirect immunofluorescence. Positive staining for DNase g was observed in the apoptotic nuclei of control cells, but not in the DNase g-antisense cells (Figure 5b , white arrows). We used a monoclonal antibody (mAb) that recognizes activated DNase g located in apoptotic nuclei. 27, 26 Therefore, the negative staining of living cells does not mean the absence of DNase g in control cells.
By using the antisense cells, we evaluated the role of DNase g in the differentiation-induced apoptosis of N1E-115 cells. The downregulation of DNase g had no apparent effect on the induction of spontaneous apoptosis during differentiation ( Figure 5c) ; however, apoptotic ladder formation was strongly suppressed in the DNase g-antisense cells as compared with control (Puro) or ICAD-CR cells (Figure 5d ). The same results were also obtained in another DNase gantisense clones. As shown in Figure 5e , the magnitudes of DNA ladder formation (upper panels) were found to correlate well with DNase g activities detected in the cells (lower panels).
DNase c in neuronally differentiated N1E-115 cells is still able to produce apoptotic DNA fragmentation
The above observations provide direct evidence for the involvement of DNase g in spontaneous apoptosis in early differentiating neurons. However, the expression of DNase g is still high in the late phase of differentiation when spontaneous apoptosis is scarcely observed. This strongly suggests that DNase g also plays an important role in apoptosis of terminally differentiated neurons. Thus, we examined whether DNase g is still functional by able to produce apoptotic ladders in such cells. N1E-115 cells on differentiation day 8 were found to be relatively insensitive to the toxic effects of STS as compared with cells grown in proliferating culture ( Figure 6a) ; however, apoptosis in neuronally differentiated N1E-115 cells was still accompanied by DNA ladder formation (Figure 6b, left panel) . Although DNase g-antisense cells underwent apoptosis with the same kinetics as control cells (Figure 6a ), DNA fragmentation was scarcely observed during STS-induced apoptosis (Figure 6b , right panel). On the basis of these results, DNase g expressed in differentiated N1E-115 cells is shown still to be capable of DNase c is induced during the neuronal differentiation of PC12 cells and catalyzes apoptotic DNA fragmentation induced by NGF withdrawal
The above finding tempted us to examine the role of DNase g in apoptosis induced by neurotrophic factor deprivation, because this is one of the most important forms of physiological apoptosis in differentiated neurons. Unfortunately, N1E-115 cells survive in differentiation culture without any external supply of neurotrophic factors. Therefore, we used a rat pheochromocytoma cell line, PC12 cells, for this purpose.
NGF-treatment induced neuronal differentiation in PC12 cells. RT-PCR analysis revealed this differentiation to be accompanied by the induction of DNase g (Figure 7a ). The activation of DNase g expression was preceded by the initiation of neurite outgrowth, and, at day 6, DNase g activity in PC12 cells became detectable by activity gel assay at the same level as detected in PC12/Puro cells (data not shown).
To
Both control and the antisense PC12 cells normally undergo neuronal differentiation when the cultures are shifted to DM supplemented with NGF (Figure 7c ). After the induction of differentiation, the cells start to extend multiple neurites, and at day 6, they are terminally differentiated and become dependent on NGF for survival. NGF deprivation induced apoptosis in these neuronal PC12 cells; shrunken dead cells appeared in the cultures after 24 h (Figure 7c) , and most cells became apoptotic at 48 h post-NGF deprivation. As shown in Figure 7d , the apoptosis of neuronally differentiated control cells was accompanied by nucleosomal DNA fragmentation, whereas such ladder formation was scarcely detected in antisense cells. We observed no apparent difference in the magnitude of cell death between control and antisense cells (Figure 7c , right panels), and this is supported by the same kinetics of PARP cleavage (Figure 7d, lower panels) . On the basis of these results, DNase g is shown to be indispensable for apoptotic DNA fragmentation during NGF deprivationinduced apoptosis in neuronally differentiated PC12 cells. were cultured in DM with daily medium replacement, and detached cells collected on the indicated days were subjected to DNA fragmentation analysis as described under Materials and Methods. (e) Parental cells (N1E-115), mock transfectants (Puro), and the indicated DNase gantisense clones (g-AS) were cultured in DM with daily medium replacement. Detached and attached cells were collected at day 4, and subjected to DNA fragmentation analysis (upper panel) and activity gel assay (lower panel), respectively, as described under Materials and Methods
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Discussion
Apoptosis in postmitotic neurons and its regulation by neurotrophic factors has been well examined both in vivo and in vitro; however, only a few studies have focused on spontaneous apoptosis associated with the process of neurogenesis or neuronal differentiation. This is considered to be due to the difficulty of detecting such apoptosis in vivo, and the lack of appropriate experimental systems in vitro. A mouse neuroblastoma cell line, N1E-115, is one of the most frequently used cells used to study the function of PNS neurons; 28 however, little is known about the features of their cell death. We found that a large fraction of N1E-115 cells die by typical apoptosis during the early phase of neuronal differentiation. In addition, cells that escape cell death acquire an apoptosis-resistant phenotype and survive for an extended period in culture. On the basis of these results, N1E-115 cells are proposed to be an ideal model system in which to study the control of cell death and survival during neuronal differentiation.
The spatial and temporal distribution of apoptotic neurons were determined previously in developing murine cerebral cortex. 29 As expected, many dying cells were detected in the postmitotic layers in which initial synaptic connections are being formed. Interestingly, many more apoptotic cells were were cultured in DM containing 50 ng/ml NGF for 6 days. The resulting cultures were shifted to DM containing 100 ng/ml anti-NGF antibody, harvested at the indicated times after NGF withdrawal, and subjected to DNA fragmentation analysis (upper panels) and Western blot analysis for PARP-1 (lower panels) as described under Materials and Methods. Closed and open arrowheads indicate intact (116 kDa) and cleaved (85 kDa) forms of PARP-1, respectively
Roles of CAD and DNase c in neuronal apoptosis D Shiokawa and S Tanuma found within a proliferative region, the cortical ventricular zone. Consistent with this observation, neuronal apoptosis was also detected in proliferative regions of the retina and spinal cord. 30, 31 The physiological importance of apoptosis in such naive neurons is currently unknown; however, these observations indicate that a large fraction of proliferating neuroblasts and/or early differentiating neurons are eliminated by apoptosis during the development of both CNS and PNS. These observations suggest the possible involvement of DNase g in apoptosis of CNS neurons. In fact, an induction of DNase g is observed in CNS-derived neuroblastoma B50 cells when the cells are shifted to differentiating conditions. Furthermore, DNase g expression is transiently induced in developing brain during the period of neurogenesis and naturally occurring cell death (our unpublished observations).
In a previous study, DNase g was shown to produce DNA ladders in apoptosis associated with the myogenic differentiation of C2C12 cells. 26 Therefore, the control of apoptotic DNA fragmentation by DNase g is found to be conserved between muscle and neuronal cell types in the differentiation state. In adult mice, DNase g expression is quite low in skeletal muscle and brain, suggesting that little DNase g exists in syncitial muscle fibers or mature networking neurons. That is, the occurrence of DNase g-dependent apoptosis is likely to be limited to specific stages of myogenesis and neurogenesis.
The differentiation-dependent contributions of CAD and DNase g are also an important finding of this study. A high expression of CAD is detected in proliferating N1E-115 cells, and apoptotic DNA fragmentation induced by STS under proliferating conditions is abolished by the expression of a caspase-resistant ICAD mutant. In contrast, DNase g is induced during neuronal differentiation and its downregulation by antisense RNA results in the supression of DNA fragmentation both in spontaneous apoptosis during differentiation and in STS-induced apoptosis in neuronally differentiated N1E-115 cells. Thus, apoptotic DNA fragmentation in N1E-115 cells is found to be catalyzed by CAD and DNase g under proliferating and differentiating conditions, respectively. It has been shown that the expression level of ICAD/DFF45 mRNA remains almost constant, whereas that of CAD/DFF40 varies among tissues and cell types. [32] [33] [34] Interestingly, a previous study revealed that the mRNA for CAD is detected at high levels in fetal and newborn cerebellum, but at low levels in adult cerebellum in rat. 35 The downregulation of CAD expression during neuronal differentiation may account for its expression profile in developing cerebellum.
To date, the regulation of apoptotic DNA fragmentation has been well explained by the CAD/ICAD system in many apoptotic cases; however, evidence supporting the involvement of other DNases is also accumulating. A mitochondrial DNase, endonuclease G, has been shown to catalyze nucleosomal DNA fragmentation in a caspase-independent apoptotic pathway initiating from mitochondria. 12 Furthermore, a recent study revealed that a tumor metastasis suppressor, NM23-H1, is a granzyme A-activated DNase, and a nucleosome assembly protein, SET, is its specific inhibitor.
36 NM23-H1 is activated by the granzyme Amediated cleavage of SET, and catalyzes single-strand nicking of chromosomal DNA during cytotoxic T lymphocytemediated apoptosis. Although the activation mechanism of DNase g remains unclear, its apoptotic function is likely to be to produce DNA fragmentation at some specific stages of cellular development. Pathways leading to apoptosis are now revealed to be more complex and multiple than once predicted. Therefore, it may be reasonable that multiple DNases are selectively used depending on the upstream apoptotic pathways.
In this study, we have revealed the involvement of DNase g in neuronal differentiation and NGF-deprivation-induced apoptosis in N1E-115 and PC12 cells, respectively. Furthermore, our results indicate that apoptotic DNA fragmentation in N1E-115 cells is catalyzed by either CAD or DNase g depending on the differentiation state. The reason for the selective usages of CAD and DNase g in neuronal apoptosis is currently unknown. In addition, it remains elusive whether this is widely conserved among neuronal cell types or is a specific feature of some limited lineage. More studies are required to provide answers to the above questions; however, such information provides important clues for understanding the control of apoptosis in developing neurons.
Materials and Methods
Cell culture
Mouse neuroblastoma N1E-115 cells were maintained in growth medium (GM, Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal calf serum (FCS)). To induce neuronal differentiation, 1 Â 10 5 cells grown in 60 mm poly-L-lysine-coated dish were shifted to differentiation medium (DM, DMEM alone) and cultured for the indicated number of days with daily medium replacement. To induce apoptosis by STS treatment, cells were washed twice with fresh medium and cultured for the indicated time in the presence of 0.5 mM STS.
Rat pheochromocytoma PC12 cells were maintained in GM (DMEM supplemented with 5% FCS and 10% horse serum). Neuronal differentiation was induced by shifting the culture, 5 Â 10 4 cells grown in 60 mm poly-L-lysine-coated dish, to DM (DMEM containing 0.1 mM dibutyryl-cyclic AMP) supplemented with 50 ng/ml of the 2.5S form of mouse NGF (Promega) and cultured for the indicated number of days. The medium of the differentiation cultures was replaced with fresh medium every other day. In the case of the induction of apoptosis, neuronally differentiated PC12 cells were washed twice, placed in fresh DM, and cultured for the indicated time in the presence of 100 ng/ml anti-NGF mAb (Chemicon). The morphologies of PC12 cells were observed under a phase-contrast microscope (Olympus, CK40).
Indirect immunofluorescence
DNase g and NF-H were detected in situ using hg302 anti-DNase g mAb (2 mg/ml, Oncogene) and anti-NF-H mAb (1 : 1000 dilution, Sigma), respectively, as described previously with some modifications. 26 In brief, cells grown on sterile poly-L-lysine-coated coverslips were fixed with 3.5% formaldehyde, soaked in ethanol, and, after blocking with DPBS containing 5% FCS, the resulting cells were incubated with each mAb at 41C overnight in a humid sealed chamber. After incubation, the cells were washed with DPBS and incubated with FITC-conjugated-anti mouse IgG (1 : 300 dilution, Vector Laboratory) at room temperature for 1 h. After washing with DPBS, the morphology of the cells and fluorescence of FITC were observed under a fluorescence microscope (Olympus, BX60). Digital images were processed with Photoshop 7.0 software (Adobe).
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Apoptosis assays
Nuclear condensation and the externalization of phosphatidylserine were detected by Hoechst 33342 (Molecular Probes) and FITC-conjugated annexin V (Medical and Biological Laboratories) staining, respectively, as described previously. 26 To visualize dead cells in a whole culture, trypan blue solution (Sigma) was added to the culture at a final concentration of 0.04%. The cultures were then gently mixed, kept at room temperature for 5 min, and observed under a differential interference contrast (DIC) microscope (Carl Zeizz, Axiovert 135). Apoptotic DNA fragmentation was analyzed by 1.8% agarose gel electrophoresis as described previously. 26 Relative cell number and relative viable cells were estimated by counting the cells attached to the culture dishes at the indicated times. Values are the averages of three independent experiments and are relative to the initial cell number in each experiment.
Western blot
Western analyses were performed using anti-PARP (1 : 1000 dilution, Wako), anti ICAD (1 : 1000 dilution, Medical and Biological Laboratories), anti-CAD (1 : 1000 dilution, Millennium Biotechnology), anti-actin (1 : 500 dilution, Santa Cruz Biotechnology) polyclonal antibodies as described previously. 26 In case of CAD and b-actin detections, blots were visualized using ECL Plus Western blotting detection reagents (Amersham pharmacia) according to the manufacturer's protocol.
RT-PCR analysis
RT-PCR analysis was performed using total RNA extracted from the indicated cells as described previously. 26 
Assay of DNase c activity
DNase g activity was analyzed by activity gel assay as described previously. 26 The in-gel reaction was performed in reaction buffer (10 mM Tris-HCl (pH 7.8), 1 mM 2-mercaptoethanol, 3 mM CaCl 2 , 3 mM MgCl 2 ) overnight at 501C. After the observation of DNase activity, the resulting gel was subjected to Coomassie Brilliant Blue (CBB) staining to confirm equal lane loading.
Establishment of N1E-115/ICAD-CR cells
A cDNA fragment containing the entire open reading frame of mouse ICAD was generated by PCR and subcloned into pUC19 vector. PCR primers used were: 5 0 -GTCGACCACCATGGAGCTGTCGCGG-3 0 (sense) and 5 0 -GTCGACACGAGGAGTCTCGTTTGG-3 0 (antisense). SalI sites flanking the coding sequence are shown in bold letters. Two caspase-cleavage sites, the 117th and 224th aspartic acid residues, were converted to glutamic acid by site-directed mutagenesis using an LA PCR in vitro Mutagenesis kit (Takara). Mutation oligonucleotides used were: D117E, 0 -ATGAGCCGGAGAGCAGGGCA-3 0 ; and D224E, 5 0 -ATGCAGTTGA-GACAGGCGTC-3 0 . Mutated bases are underlined. The resulting insert was excised by SalI digestion and recloned into the XhoI site of pcDNA 3.1 (C) vector to fuse an extra sequence for a C-terminal Myc and His Â 6 tags. The open reading flame for ICAD-CR-Myc-His was amplified by PCR from the vector and recloned into pCAG/puro plasmid 26 to generate an expression vector for a caspase-resistant form of ICAD (pCAG/ICAD-CRMyc-His). The PCR primers used were: 5 0 -GTCGACCACCATG-GAGCTGTCGCGG-3 0 (sense) and 5 0 -GTCGACTAGAAGGCACAGTC-GAGGCTG-3 0 (antisense). SalI sites flanking the coding sequence are shown in bold letters.
Proliferating N1E-115 cells were transfected with pCAG/ICAD-CR-MycHis using FuGENE6 transfection reagent (Roche) according to the manufacturer's protocol, and cells stably integrated by the transgene were selected by puromycin resistance (3 mg/ml). The resulting cells were cloned by two cycles of colony isolation, and several independent clones were obtained. Subcultures of the clones were subjected to Western blot using anti-ICAD pAb and cells expressing high levels of the ICAD-CR protein were selected. As a consequence, we obtained N1E-115/ICAD-CR cells (clone 1.10). A mock transfectant, N1E-115/puro cells, was obtained by the same method, except for selection by ICAD-CR expression, and used in control experiments.
Antisense RNA-mediated suppression of DNase c Proliferating N1E-115 cells were transfected with pCAG-mDNase gAS, an antisense RNA expression vector for DNase g, 26 selected by puromycin resistance (3 mg/ml), to obtain several independent clones of DNase gantisense cells as described above. Subcultures of the clones were allowed to differentiate in DM for 4 days, and clones whose DNase g activity was efficiently suppressed were selected. DNase g activity was analyzed by activity gel assay as described above. As a result, we established several DNase g-knockdown cells (N1E-115/g-AS), and clone 1.15 was subjected to further analyses.
A cDNA fragment containing the entire open reading frame of rat DNase g was excised from prDNase g-Myc-His vector 27 by XhoI digestion. The fragment was then subcloned into pCAG/puro in the reverse orientation and an antisense RNA expression vector for rat DNase g (pCAG-rDNase gAS) was obtained. Proliferating PC12 cells were transfected with pCAG-rDNase gAS, and PC12/g-AS cells (clone 3.08) were established as described above. PC12 cells stably integrated by the transgene were selected by puromycin resistance (2 mg/ml). A mock transfectant, PC12/puro cells, was obtained by transfection with empty vector and used in control experiments.
